CBSE Class 11 Physics
Sample Paper 10 (2020-21)

Maximum Marks: 70

Time Allowed: 3 hours

General Instructions:

L All questions are compulsory. There are 33 questions in all.

ii.

ili.

iv.

This question paper has five sections: Section A, Section B, Section C, Section D and
Section E.

Section A contains ten very short answer questions and four assertion reasoning MCQs of
1 mark each, Section B has two case based questions of 4 marks each, Section C contains
nine short answer questions of 2 marks each, Section D contains five short answer
questions of 3 marks each and Section E contains three long answer questions of 5 marks
each.

There is no overall choice. However internal choice is provided. You have to attempt only

one of the choices in such questions.

Section A
What is a scalar?

Bodies of larger mass need greater initial effort to put them in motion. Why?
OR

Which of the following is scalar quantity? Inertia, force and linear momentum.
Two particles in an isolated system under go head on collision. What is the acceleration
of the centre of mass of the system?

At what factor between the two particles, gravitational force does not depend?
OR

What is the weight of a body in a geostationary satellite?

Why does the cloud seem floating in the sky?



6. If unit vectors & and b are inclined at angle &, then prove that |[a —b| = 2sin 5.
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. Which of these is the largest: astronomical unit, light year and parsec?

OR

If velocity, time and force were chosen the basic quantities, find the dimensions of mass?

8. A steel wire 0.72 m long has a mass of 5.0 X 1073 kg. If the wire is under r a tension of 60

)
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N, what is the speed of transverse waves on the wire?

OR

What is the nature of water waves produced by a motorboat sailing in water?

. Why water at the hase of a waterfall is slightly warmer than at the top?

What is the average value of acceleration vector in uniform circular motion over one

cycle?

. Assertion: A cyclist always bends inwards while negotiating a curve.

Reason: By bending he lowers his centre of gravity.

d.

&
d.

Assertion and reason both are correct statements and reason is correct explanation
for assertion.

Assertion and reason both are correct statements but reason is not correct
explanation for assertion.

Assertion is correct statement but reason is wrong staterment.

Assertion is wrong statement but reason is correct statement.

Assertion: Ductile metals are used to prepare thin wires.

Reason: [n the stress-strain curve of ductile metals, the length between the points

representing elastic limit and breaking point is very small.

d.

0
d.

Assertion and reason both are correct statements and reason is correct explanation
for assertion.

Assertion and reason both are correct statements but reason is not correct
explanation for assertion.

Assertion is correct statement but reason is wrong statement.

Assertion is wrong statement but reason is correct staterment.

Assertion: The ratio O for a monoatomic gas is more than for a diatomic gas

Cy

Reason: The molecules of a monoatomic gas have more degree of freedom than those of a

diatomic gas.



a. Assertion and reason both are correct statements and reason is correct explanation
for assertion.

b. Assertion and reason both are correct statements but reason is not correct
explanation for assertion.

¢. Assertion is correct statement but reason is wrong statement.

d. Assertion is wrong statement but reason is correct statement.

14. Assertion: A quick collision between two bodies is more violet than slow collision, even

when initial and final velocities are identical.

Reason: The rate of change of momentum determines that the force is small or large.

a. Assertion and reason both are correct statements and reason is correct explanation
for assertion.

b. Assertion and reason both are correct statements but reason is not correct
explanation for assertion.

¢. Assertion is correct statement but reason is wrong statement.

d. Assertion is wrong statement but reason is correct statement.

Section B
15. Read the case study given below and answer any four subparts:

In a small but crowded room, we start to feel very warm and will start sweating. Heat

from our body is transferred to the sweat. As the sweat absorbs more and more heat, it

evaporates from your body, becoming more disordered and transferring heat to the air,

which heats up the air temperature of the room. Many sweating people in a crowded

room, that acts as 'closed system’ will quickly start heating things up.

i. By the first law of thermodynamics:

a. Q=AE-W
b. Q=AE+W
c. Q=-AE-W

d. none of these
il. Which of the following can be considered as the definition of energy?



a Q=AE+W
b. first law of thermodynamics
c. bothaandb
d. none of these
iii. Internal energy is defined by:
a. Zeroth law of thermodynamics
b. first law of thermodynamics
c. Second law of thermodynamics
d. none of these
iv. When a system is in equilibrium, any change in entropy would be:
a. maximum
b. zero
C. positive
d. negative
v. The second law of thermodynamics defines:
a. Heat
b. Work
C. energy
d. enthalpy
16. Read the case study given below and answer any four subparts:
An elastic collision is a collision in which there is no net loss in kinetic energy in the
system as a result of the collision. Both momentum and kinetic energy are conserved

quantities in elastic collisions.
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L In which motion, momentum changes but K.E does not?

a. circular motion
b. parabolic motion

c. straight line motion
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d. none of these
ii. coefficient of restitution for elastic collision is:
a 0
b. 1
c. -1
d. infinite
iii. Two balls at the same temperature collide. What is conserved?
a. momentum
b. velocity
c. kinetic energy
d. none of these
iv. Momentum of two objects moving with the same speed but in opposite direction upon
collision is
a. increased
b. decreased
C. Zero
d. none of these
v. In elastic collision, the relative speed of approach and separation is:
a. equal
b. unequal
C. Zero
d. infinite
Section C
A body weighs 63 N on the surface of the earth. What is the gravitational force on it due
to the earth at a height equal to half the radius of the earth?
100 g of water is super cooled to -10°C. At this point, due to some disturbance
mechanized or otherwise some of it suddenly freezes to ice. What will be the temperature

of the resultant mixture and how much mass would freeze?

[ Sw = leal/g/"C and L}Esim = 80cal/g]
OR

What kind of thermal conductivity and specific heat requirements would you specify for
cooking utensils?
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A man stands on a weighing machine placed on a horizontal platform. The machine
reads 50 kg. By means of a suitable mechanism, the platform is made to execute
harmonic vibrations up and down with a frequency of two vibrations per second. What

will be the effect on the reading of the weighing machine? The amplitude of vibrations of

platform is 5 cm. Take g =10 ms2,
OR

The Vertical motion of a huge piston in a machine is approximately 5.H.M with a
frequency of 0.5 5". A block of 10kg is placed on the piston. What is the maximum
amplitude of the piston's 5.H.M. for the block and piston to remain together?
What is kinetic friction? Is it self-adjusting?

Two trains A and B of length 400 m each are moving on two parallel tracks with a

uniform speed of 72 kam h! in the same direction, with A ahead of B. The driver of B

decides to overtake A and accelerates by 1m/s%. If after 50 s, the guard of B just brushes
past the driver of A, what was the original distance between them?
What is the direction of oscillations of the particles of a medium through which

i transverse,

ii. Longitudinal wave is propagating.
Although both torque and work are defined as force multiplied by distance, they differ in
there physical meaning. Why?
It is a well-known fact that during a total solar eclipse the disk of the moon almost
completely covers the disk of the Sun. From this fact determine the approximate

diameter of the moon.
OR

The voltage across a lamp is V = (6.0 = 0.1) Volt and the current passing through it is (4.0 +
0.2) ampere. Find the power consumed by the electric lamp. Given that power, P = VL.

A driver takes 0.20 second to apply the breaks (reaction time). If he is driving car ata

speed of 54 kmh! and the breaks cause a deceleration of 6.0 ms , find the distance
travelled by car after he sees the need to put the breaks.
Section D

A block of wood of mass 3 kg is resting on the surface of a rough inclined surface,
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29.
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inclined at an angle # = 30° as shown in the figure.
3

=30"
a. Name the forces 1, 2 and 3.

b. If the coefficient of friction is 0.2, calculate the value of all the three forces, (g =10ms )

Two resistors of resistances Ry =(100 £ 3) £ and R, =(200 + 4)£2 are connected (i) in series,

(ii) in parallel. Find the equivalent resistance of the (i) series combination (ii) parallel

combination.
OR

Briefly discuss different types of systematic errors.

Two bodies are thrown with the same initial velocity at angles, c¢ and (90° - o) with the
horizontal. What will be the ratio of
i maximum heights attained by them and

ii. their horizontal ranges
OR

A clever strategy in a snowball fight is to throw two snowballs at your opponent in quick
succession. The first one is thrown with a high trajectory (path) and the second one with
a lower trajectory and a shorter time of flight. This is so that they both reach the target at
the same instant.

Suppose your opponent is 20 m away. You throw both snowballs with the same initial
speed vy but 8 is 60° for the first snowball and 30° for the second. If they both reach

their target at the same instant, how much time must pass between the release of the two
snowhalls?
State work-kinetic energy theorem and prove it analytically.
An object of mass m is raised from the surface of the earth to a height equal to the radius
of the earth, it is taken from a distance R to 2R from the centre of the earth. What is the
gain in its potential energy?

Section E

One end of a V-tube containing mercury is connected to a suction pump and the other
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end to atmosphere. The two arms of the tube are inclined to horizontal at an angle of 45°
each. A small pressure difference is created between two columns when the suction
pump is removed. Will the column of mercury in V-tube execute simple harmonic

motion? Neglect capillary and viscous forces. Find the time period of oscillation.
OR

You are riding in an automobile of mass 3000 kg. Assuming that you are examining the
oscillation characteristics of its suspension system. The suspension sags 15 cm when the
entire automobile is placed on it. Also, the amplitude of oscillation decreases by 50%
during one complete oscillation. Estimate the values of (a) the spring constant k and (b)
the damping constant b for the spring and shock absorber system of one wheel, assuming
that each wheel supports 750 kg.

On the basis of equipartition law of energy find expressions for the principal molar
specific heats of gas as well as for -y (the ratio of two specific heats) for gas having n

degrees of freedom per molecule.
OR

Explain why

a. there is no atmosphere on moon.

b. there is fall in temperature with increase in altitude.

Two wires of diameter 0.25 cm, one made of steel and the other made of brass are loaded
as shown in Figure. The unloaded length of steel wire is 1.5 m and that of brass wire is 1.0

m. Compute the elongations of the steel and the brass wires.
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OR

Consider a steel rod having a radius of 8 mm and the length of 2m: If a force of 150 kN
stretches it along its length, then calculate the stress and percentage strain in the rod if

the elongation in length is 7.46 mm.
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Solution

Section A
1. Ascalar is a quantity that is fully described by a magnitude only. It is described by just a
single number. Some examples of scalar quantities include speed, volume, mass,
temperature, power, energy, and time.
2. According to Newton'’s second law of motion, F = ma, for given acceleration a, if m is
large, F should be more i.e. greater force will be required to put a larger mass in motion
as it is essential for the law of motion.

OR

Inertia and linear momentum is measured by mass of the body and is a vector gquantity
and mass is a scalar quantity.

3. Acceleration is zero, as forces are internal forces.

4. Gravitational force does not depend upon the medium between the two particles.
OR
In a geostationary satellite, the weight of a body is zero

5. The terminal velocity of a raindrop is directly proportional to the square of radius of
drop. When falling, bigger drops have higher terminal velocities than smaller drops.
Hence the small drops falls so slowly that cloud seems floating.

6. For any vector @,
= |ﬂ|2 =a-a

~Ja-b?=(-b)-(a—b)
—a-a—a-b-b-a+b-b
~1-2-b+1
=2—-2x1x1xcos@

= 2(1 — cosf)

= 2.2sin” § = 4sin’
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Hence, [a — ]5[ = 2sin QE

Parsec (1 parsec = 3.27 light years) is larger than a light year which in turn is larger than
an astronomical unit (AU).

11lyr =9.46 x 10°m

1pc = 3.08 x 10"*m1AU = 1.5 x 10''m
OR

force = mass X acceleration

velocity
force =mass x ——
t % force bime
velocity
_FT
mass v
mass = [FTV ]

Mass per unit length of the wire

_ 5.0x10 kg
- 0.72m

=6.9 X 103 kgm'!
Tension, T =60 N

Speed of the transverse wave through the wire, v =

=+

_ f__ 80  _ -1
Vo gox10-3 BEiHS

OR

Water waves produced by a motorboat sailing in water are both longitudinal and

ransverse.

Potential energy converted in to kinetic energy, some part of kinetic energy is Converted
in to heat.

The acceleration vector of a particle in uniform circular motion averaged over one cycle
is a null vector.

(b) Assertion and reason both are correct statements but reason is not correct
explanation for assertion.

Explanation: Both assertion and reason are true but reason is not the correct
explanation of assertion.

By bending the cyclist obtains the necessary centripetal force. Though he also lowers his

centre of gravity by bending, but it is not the correct explanation of assertion given in the
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13.

14.

15.

16.

question. Hence, both A and R are true but R is not the correct explanation of A.
(c) Assertion is correct statement but reason is wrong statement.
Explanation: Let a uniform cylinder of length 1 have volume V. Then its uniform cross-

sectional area,

Let a force F be applied to compress the cylinder; then stress in it will be 5 = F/A and the

strain will be,
8. TiAd .. F

1,-n.rher:r Yis Ygung’s rﬁ;dulus of elasticity of the material of the cylinder.

Volumetric strain, oy = (1 — 2)

where g is Poisson’s ratio

oroy = A—I;, (1—2u)

Decrease in volume

AV =Voy = Al-5(1-2) = £ (1 - 2)

Since, AV is independent of A and is directly proportional to original length 1, hence only

this option is correct.

(c) Assertion is correct statement but reason is wrong statement.

Explanation: Assertion is correct statement but reason is wrong statement.

(a) Assertion and reason both are correct statements and reason is correct explanation
for assertion.

Explanation: In a quick collision, time t is small. As F % t = constant. Therefore, force
involved is large, i.e., collision is more violent in comparison to slow collision.

Section B

l_.
=y

iil.

iv.

iii.

=
[ T « - N o N « R o PR o N = N

iv.
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Section C
Suppose gp, be the acceleration due to gravity at a height equal to half the radius of the
earth h= %
As we know,

2
Bl B ¥ Bl B Y 9%
g  \ R g \pgiF 3 9
2

W = the weight of the body on the surface of the earth
Wi, = the weight of the body at height h.

= Wh= 2w =3 x 63N = 28N

Water mass =100 g

At-10°C ice and water mixture exists.

Heat required (given out) by -10°C ice to (0° C ice = ms/At
=100 x 1 x [0 — (—10)]

2 = 1000cal

Let gm of ice melted () = ml

m=2 = 100 _ 195,

L 80
So, there ism = 12.5 g water and ice in mixture. Hence temperature of mixture remains

0°C.
OR
A cooking utensil should have-

L. Low specific heat so that it immediately attains the temperature of the source.
ii. High conductivity, so that it can conduct heat through itself and transfer it to the
contents quickly.
Here, mass (m) = 50 kg, frequency(y) = 2 5'1, amplitude (A) =5 cm =0.05 m

Maximum acceleration,

dmax = wA= (27{1"]214 = 47212 A ms?
2
=il (%) x (2)2 x 0.05=7.9 ms?
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Maximum force felt by the man, Ry

m(g + apay) = 50(10 + 7.9) = 895.0 N = 89.5 kgf (since 1 kef force = 1 kg x 10 ms? = 10 N)
Minimum force felt by the man, R
=Mm(g - apax) = 50(10 - 7.9)

=105.5 N = 10.5 kgf [g being acceleration due to gravity]
Hence, the reading of the weighing machine varies between 10.5 kgf and 89.5 kgf.

OR

Given,v=0.5s1g=9.8ms!
a =y = (27v)%y = 4n2v?y
amax at the extreme positioni.e.r=y

e 4m?? r and amax = £ to remain in contact.

¢ 88
Orr= E 27 (03] = (.993m

Kinetic friction is the force of friction which comes into play between the surfaces of

contact of two bodies when one body is in steady motion over the surface of another
body. Kinetic friction is not self-adjusting. Rather it has a constant value for a given

normal reaction.

For train A:

Initial velocity, u = 72 km/h = 20 m/s
Time,t=50s
Acceleration, a; = 0 (Since it is moving with a uniform velocity)

From second equation of motion, distance (5)) covered by train A can be obtained as:

SI:Ht‘l‘%ﬂjtz
=20=50+0=1000m

For train B:

Initial velocity, u = 72 km/h = 20 m/s

Acceleration, a = 1 m/s?

Time,t=50s

From second equation of motion, distance (Sp;) covered by train A can be obtained as:
srr = ut + %atz

=20 x 50 + 3 x 1 x (50)2 = 2250m
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Length of both trains =2 x 400 m = 800 m

Hence, the original distance between the driver of train A and the guard of train B is 2250

- 1000 - 800 = 450 m.

1L In atransverse wave, the medium particles periodically oscillate to and fro about

their mean positions in a direction perpendicular to that of the propagation of a wave.

ii. In alongitudinal wave, the medium particles oscillate to and fro about their mean
positions along the same line as that of propagation of the wave.

Although both torque and work are defined as force multiplied by distance, they differ in

their physical meanings. Work is a scalar quantity and is equal to the scalar product of

force and displacement i.e., W = 15 s =Fscos#.

Torque is a measure of the rotational effect of force about an axis and is equal to the

vector product of force and position vector of point of application of force from the

rotational axisi.e. 7 =7 x F = Frsinf n
P

Q

The position of the Sun, Moon, and Earth during a lunar eclipse is shown in the given

figure.

Distance of the Moon from the Earth = 3.84 x 10® m
Distance of the Sun from the Earth = 1.496 x 10" m
Diameter of the Sun = 1.39 x 10° m

It can be observed that ATRS and ATP() are similar. Hence, it can be written as:
1.39x10° _ 1.496x 10"
~ 3.84x108

R5
RS = 132388 » 105 = 3.57 x 10°m

Hence, the diameter of the Moon is 3.57 » 10°% m.

OR

As V=(6.0+0.1)VandI=(40+0.2) A
Since, Power consumed, P=VI=6.0 x 40=24W

and relative error in power measurement is given by:

AP AV Af 01 0.2
i il e i v
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AT

= 0.017 + 0.050 = 0.067
AP =0.067T x P
= 0.067 x 24 =1.6 Watt

Power consumed within error limits is (24 + 1.6) Watt.

. The car is moving at speed of 54 km/hr = 15 m/fsec i.e, initial speed after applying brakes

is (u) = 15 m/sec

Say at point A, he sees the need to put brakes and at point B, he puts brakes and then the
car starts deceleration and at point C, the car finally comes to rest.

From A to B it moves with speed of 15m/sec in 0.2 sec.

So distance covered is 5 =vxXt=15x0.2 = 3 m and from B to C it moves with constant

deceleration of -6 m/sec® and initial speed of 15m/sec.

Here, final velocity is zero as car comes to rest finally. Using relation vi.oul= 2(-a)s, we

have

Hence, the distance traveled by car after he sees need to put brakes =5, +5, =3+ 18.75 =

21.75m
Section D
a. Force 1= The weight mg acting vertically downwards
Force 2 = The static frictional force opposing the impending motion
Force 3 = The normal force of the plane of the block
b. Here m is mass of body and g is value of acceleration due to gravity.
Thus, Force1 =m g =3 x 10 =30 Newton
If & = 30° and y = 0.2 then angle @ is greater than the angle of repose. Hence the force

of friction f has its maximum value f, = gtmg cos 8.

Therefore, Force 2 = umgcosf# = 0.2 x 3 x 10 x cos30° = 5.2 Newton
Force 3 = mg cos # = 26 Newton
Here, Ry = (100 + 3) £2, R, = (200 + 4) £
i Resistance in Series combination
R = Ry + Ry = 100 + 200 = 300
AR=+ (AR + ARy)
=+(3+4)=+78}



R = (300 + 7)Q2

ii. Resistance in Parallel Combination

1 _ 1 1 _ Ry+Ry _ 2004100 _ 300 _ 3
R 1&] — "R,R; _ 100200 _ 20000 _ 200
H= S i EE 6666? = 66.7§2 [ upto one decimal place]

AR e AR, ARy
A f@]
AR' = + &R1(£1)2—|—&R2(%)2

— + [3(%) +4(3xm)2]= +[3(4) +4(1)]=+180

Hence, the equivalent resistance along with error in parallel combination is = ( 66.7 +

1.8)02

OR

Systematic errors are those errors that tend to be in one direction, either positive or

negative. It is a repeatable error. Different types of systematic errors are:

i Instrumental errors: These arises from the errors due to imperfect design or

iii.

iv.

calibration of the measuring instrument. Zero error present in vernier calliper,
backlash error in screw gauge / spherometer, etc., are examples of instrumental
errors. Appropriate corrections may be applied for these errors.

Errors due to imperfection in experimental technique or procedure: For example,
a nurse tries to measure the body temperature of a young child by placing the
thermometer under his armpit. Naturally, the temperature is less than the real body
temperature and produces an error. Similarly, heat loss due to radiation in
calorimetry experiments or effect of buoyancy of air while weighing a body are errors
of this type.

Environmental Errors (Errors due to external cause): These errors are due to
external conditions like change in temperature, atmospheric pressure, humidity,
wind velocity etc., during the course of experiment. Effect of these errors may be
eliminated by performing experiment under different external conditions spread

over a long time and then taking the mean value.

Personal errors: These errors arise due to an individual's bias, lack of proper setting

of apparatus or carelessness of the observer while taking the observations. To
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minimize these errors the person performing an experiment should be extremely

careful and should follow proper procedures.

et

TR gy
5;1 2 and when the

L When the angle of projection is ¢, the maximum height is H; =
angle of projection is (90° - &), the maximum height is given by:
i, - w?sin® (90°—a) _ u? co o
2" 29 T
Therefore, the ratio of maximum heights attained by them will be equal to: % =
2

Fa
Bln” o :Eanga

COs o

2 .
ii. When the angle of projection is ¢, the horizontal range is Ry = 222 2y

and when the

angle of projection is (90° - a), the horizontal range is given by:
u? sin 2(00°-a) u? sin{180° —2a) _ u?sin2a

Ry = g g g
Therefore, Ry :Ry=1:1

OR

Here we need to find the time of flight for each snowball. The time ty is determined by

Vyo, the vertical component of initial velocity, then we have

_ 2up _ 2msind
tR= 5 = 3

To find tp we need to know, in addition to the initial angle 8 (as given), the initial speed

v, which is not given. We can find vy by applying the range equation which is given by,

b
v, sin 26

R = 7 =F1)

i ; R
Solving the above equation for vy we get, vg = 4 / F‘gﬂn

We obtain the same value for vy whether we take,

#y = 30° or 8y = 60°
Since, sin 2(30°) = sin 2(60°)

= f {iﬂgfh 15.0 m/s

For the first snowball,

2(15)(sin 607
tg = % = 2.65 seconds
For the second snowball,
2(15)(sin 30°)

th =

08 =15.3 seconds
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Thus, the waiting period is the difference between these two times and is given by:
At=tp-1t3=2.65-1.53=1.125

The work-energy theorem states that the work done by a force acting on a body is equal
to the change produced in its kinetic energy. If work W is being done on a body of mass m
and due to the work done, the speed of the body changes from u to v, then Work done is
given by:

W = Change in its kinetic energy

Therefore, W = AK = Ka — K; = %*irn”u2 — %*;rm.f.2

To derive the work-kinetic energy theorem analytically consider a body of mass m

moving with a velocity u. Let a force f be applied on the body and under its effect body

_}
be displaced by ds , so that we can write work done as:
~ =
dW = F-ds
—
7 dv

But we know that, F' = ma = me

Therefore, dW = m% = m%dﬂ = muvdv
On integrating above equation, we obtain

B oaw =w = [’ mudv

:m["z_“z] = 1me? — Ly

2 2 2
Obviously, ;—ﬂﬁ:v2 = %m‘tﬁ: change in K.E. = K¢- K;.

Thus, W = K¢ - K; which is the work-kinetic energy theorem.

Let us consider earth as a uniform sphere and gravitational potential at infinite distance
from earth as zero

According to the diagram shown below, where an object of mass m is raised from the

surface of the earth to a distance (height) equal to the radius of the earth (R).
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Initial potential energy of the object when it is at the surface of the earth

_ GMm
U;= GMm/R 22"

R where, M is the mass of earth and R is the radius of earth or distance of object from
centre of earth.

Final potential energy of the object when it is at a height equal to the radius

Up==GMm/2 R ~EM=
P.E. of the object at a equal to the radius of earth = _Egm

Gain in P.E= potential energy final- potential energy initial

. _ —GMm _ { —GMm
Gain in P.E. = 3R (—R )
_ GMm 1
= 3= |~g+1]

_ GMm
~ 2R -

i _gitm g

Gain inP.E. = % = smgR

Section E
L et the liquid column in both arms of the V-tube were at kg heights initially. Now due to
pressure difference the liquid columns in A arm is pressed by  and in arm B is liftted by
T (so difference in vertical height between two levels = 2z) Consider an element of
liquid of height dx inside the tube.

A & ;]
(?-‘;\.‘ W H w
= il il
A L &
[ \.\ - ' - ‘
| - v :
3 ' S ™
r# “
[ iy =

~ 1 i il "
S ] .

- e i B

¥ i T e ¥
L 4 B B = e X ¥ v

Then its mass dm = volume x density = A - dzp (where, A =area of cross-section of
tube, p = density of the ligquid inside the tube)

Potential energy of the right arm with dm elementary mass column = (dm)gh
Potential energy of dm elementary mass in left arm column = Apgxdz (putting the

value of dm = A.dz. pand h =x)

21
.. Total potential energy in left column = fnhl Apgzdr = Apg [%]
0

e
= Apg5
From above given figure sin45° = % . hy = hs =1sin4h° = Eﬁ
cp2_p2_ F
= = h’l e h‘z T E

2

.". Potential energy in the left column = Apg%



2
Similarly potential energy in right column= Apg E

Apga'.g
2
Due to pressure difference, left element moves towards right side by 'y' units and the

*. Total potential energy = Apg T Ap

same element rises in the right arm by 'y’ units.

Then the liquid column length in the left arm becomes by decreasing = (I — y)

And the liquid column length in the right arm becomes by increasing = (I . y)

Now decreased potential energy of liquid column in the left arm = Apg(l — y)? sin® 45°
Similarly increased potential energy of liquid column in the right arm

= Apg(l +y)?sin® 45°

7. Total potential energy due to two liquid columns in the left and right arm respectively

2
1

= 4p9( %) [(-9* + 1 +5)?)
Final potential energy due to difference in liquid columns in the two arms,

A
= 2[R +y? -2y +1 +y + 2ly]

Fmalpntentlal energy = 'ﬂg (2!2 + 2y )

Now change in potential energy Final potential energy due to liquid columns in the two
arms- Initial potential energy due to liquid columns in the two arms

A A
= Ang (282 4 2y?) — 2

o[22 + 2y - z?]
A

5 Change in potential energy = Tpg (32  y Zyﬂ)
If change in velocity (v) of total liquid column be v then change in kinetic energy,
AKE = %:ﬂw2
Again m = volume x density = (A.20)p
. AKE = 1 (A2lp)v* = Aplv?
*. Change in Total energy = change in potential energy + change in kinetic energy

A
= 57 (2 +24%) + Apl?
Again, from the law of conservation of energy, total change in energy

APE+AKE=0

T2 + 292 + Apl? =0
?p (g (1 +2y%) +210?] =
T #0
g(P+2y%) +20% =0

Differentiating on both sides of the above equation with respect to time,t we get



glo+2x2yt| +2020 %2 =0

d dy
4gydf—|—4viﬁ—0[ —d—:‘rzﬁ
= dgy- u+4ns——n:-4n[gy+z dti] ~0
diy i ;
= e + —y 0 r4dv#0..1)

It is the equation of a simple harmonic motion and can be compared with the standard

, . . i z dzy 4 i &
equation of a simple harmonic motion i.e. = +w*y = 0.....(11) [w is the angular

acceleration or angular frequency of the particle executing simple harmonic motion]

Comparing the above two equaliﬂns [i] and (ii) we get, . o = %

: 2—’” = 4 x i A 2‘?1'1," [."w = 5, T being time period of the simple harmonic

motion]
OR

Mass of the automobile, m = 3000 kg

Displacement in the suspension system, x=15cm=0.15m

There are 4 springs in parallel to the support of the mass of the automobile.
The equation for the restoring force for the system:

F =-4kx = mg

Where, k is the spring constant of the suspension system

Time period, T = 27

4&
And k= 22 = B0 — 5000 = 5 x 10°N/m
Spring constant, k = 5 x 104N /m
a. Each wheel supports a mass, M = @ =750 kg
For damping factor b, the equation for displacement is written as:
T = xe ot2M
The amplitude of oscillation decreases by 50%.
Cop= %
Tn _ mﬂﬂ—m;m
log, 2 =

5 s EE}MgEQ

Where,



m 9 000 57601 s

Time period, t = 27 — e
P 4k 4x5x10%

x e 2:7b0x0.693
= 0.7691

=1351.58 kg/s
Therefore, the damping constant of the spring is 1351.58 kg/s.
32. We know that in a state of thermal equilibrium, in accordance with the equipartition law

of energy, the average energy associated with each degree of freedom is %I{ET.

If a gas molecule has n degrees of freedom in all, then the average energy per molecule of
gas

=n X %k3T= %PEBT

As one mole of gas consists of N, molecules, hence total internal energy of one mole of
given gas will be given by

U=Nj % ngT= gRT

where R = N.kg = universal gas constant.

.". Molar specific heat of given gas under constant volume condition will be given by

0= =8 [ORT] =ZR..i)

For an ideal gas,

Cp-Cy =R

.. Molar specific heat of given gas under constant pressure condition
Cp=Cy+R-2R+R-(n+2)¥ ..

G, _ DT 4o 2y g
T=E= ﬂE = :(1+ﬁ) ..(1ii)

T
2

Thus, it is clear that the values of principal specific heats of gas, as well as their ratio,

depends on the number of degrees of freedom per molecule of the given gas.
OR

a. Moon is considered not to have an atmosphere because it cannot absorb measurable
quantities of radiation, does not appear layered or self-circulating, and requires

constant replenishment due to the high rate at which its gases are lost to space.As

acceleration due to gravity on moon is 1/6h of g on earth. So the escape velocity on
moon

Vez = +/2gR = 2.38km/s
M = Mass of hydrogen, As H,, is lightest gas m = 1.67 x 10_243:9



33.

A; = Area of cross-section of the steel wire = mry
Young's modulus of steel, ¥; = 2.0 x 10*! Pa
. AL

_ [3KpT [ 3x1.38x10 % x300_
Urms= = o \/ T 2.72 km/s

Due to small gravitational force and v ,is greater than escape velocity so molecule of

air can escape out.

As the distance of moon from sun is approximately equal to that of earth so the
intensity of energy of sun reaches to moon is larger due to lower density of
atmosphere, distance become smaller than earth when moon is towards sun during
its rotation around earth.

Due to this (sun light), root-mean-square speed of molecule increase and some of
them can speed up more than escape velocity and so probability of escaping out
increased.

Hence over a long time moon has lost most of its atmosphere.

. The temperature of atmosphere is due to the Kinetic energy of air molecule. Due to

lower atmospheric pressure at higher altitude molecules of air rises up so their
potential energy increase, in turn, the kinetic energy decrease results the decrease in
temperature. Due to lower atmospheric pressure at higher altitude, the gas expands

and gives cooling effect and so decrease the temperature.

Young's modulus for steel:

Where,
AL; = Change in the length of the steel wire

2

— F]XL] _ F|XL'|
A x ¥ m‘fxlﬁ
= =1.49 x 10*m

m(0.125x1072F x2x 1011
Total force on the brass wire : Fy = mag

Fy = 6 x 9.8 = hb88 N

Young's modulus for brass:

_G)
(=)



Where,
AL» = Change in length
As = Area of cross-section of the brass wire

. _ Fyxly  Faxla
LALy =Tl Bl

- 58.8x1.0 — 1.3 x10~%m
(0.125x1072F x (0.91x10'1)

Elongation of the steel wire = 1,49 x 10 *m

Elongation of the brass wire = 1.3 x 10~ %m
OR

If the rod fetches along its length then the stress produced is the tensile stress whereas
the strain produced is a longitudinal strain.

Radius = 8mm = 8 x 10 %m

Length,L = 2m

Force, F = 150 kN = 15 x 10°N

Area, A=7r? =7 x (8 x 107%)2 = 201 x 10~%m?
AL = 7.46mm = 7.46 x 10 3m, percentage strain = ?

_F _ 15x10t 10 9
Stress = 4 = oo % = 0.0746 x 107" N/m
= 7.46 x 108N /m?

-3
Longitudinal strain = "f‘ = m&:m =373 %103

Percentage strain = 3.73 x 103 x 100 = 0.37 %




